tricular ejection fraction in many studies. One randomized trial demonstrated improvement in clinically meaningful endpoints such as death, recurrence of myocardial infarction and re-hospitalization for heart failure. Several small trials of cell therapy for stroke have been reported, including cytokine-mobilized HSPC, mesenchymal stromal cells and cell lines transplanted stereotactically into the region affected by stroke. Conclusions: In some prospective randomized trials, cell therapy for myocardial infarction leads to improvement in hemodynamic parameters. Cell therapy for stroke is a relatively new area of translational and clinical research with preliminary studies showing safety and some measurable benefit in small numbers of subjects.
tively. A Report From the American Heart Association Statistics Committee on stroke and heart disease published in 2007 reported that 79.4 million Americans over the age of 20 (37.1%) had some form of cardiovascular disease and in 2004 just under 900,000 deaths were attributable to heart disease with the total cost estimated at 431.8 billion dollars per annum [2] . On a global scale it has been estimated that 17 million people die each year from stroke and heart disease and that low-and middleincome countries account for about 80% of these deaths with a predicted tripling of ischemic heart disease and stroke mortality in Latin America, the Middle East and sub-Saharan Africa over the next two decades [3] . The WHO estimates that by 2030 the total deaths attributable to cardiovascular disease will increase to 23 million per year [4] .
One solution to the problem of diseases of aging is through preventative medicine which has the goal to prevent the progression of age-related disease by diet, exercise and pharmacotherapy. While effective, this approach typically delays age-related diseases rather than preventing them. Inevitably, aging leads to degeneration in one or more organ systems, ultimately causing disability and death. The most potent intervention for treating endstage organ failure currently is organ transplantation. In the case of cardiac transplantation, this is the final therapeutic maneuver to treat end-stage heart failure from a variety of causes, including myocardial infarction. However, this approach has a high morbidity and mortality rate from the surgical procedure, immune rejection and immunosuppressive medications. Further, because of a limited supply of organ donors this approach can only be used to treat a select few. Also, whole organ transplantation is a seemingly excessive approach if only a small critical part of an organ is impaired. Cell therapies could potentially be more effective treatments for whole organ dysfunction because they could reconstitute the deficient tissue within an organ rather than replacing it in toto.
In this review, basic stem cell biology will be discussed briefly to provide a framework to understand current and future therapeutic clinical trials using cell therapies to treat myocardial infarction and stroke.
Stem Cell Biology: From Hematopoiesis to Other Systems
Stem cell biology has advanced rapidly since 1961 when Till and McCulloch showed that murine bone marrow cells transplanted into a lethally irradiated mouse could yield colonies in the spleen that could rescue other lethally irradiated mice by recapitulating the entire blood and immune system [5] [6] [7] [8] . They established the dual functional criteria to define a stem cell: the capacity to self-renew indefinitely and to differentiate into specialized cells with limited proliferative capacity. The method of choice to demonstrate this was by transplantation of bone marrow cells from one mouse to another lethally irradiated one and demonstrate survival and maintenance of normal bone marrow function. Further, the cells in the reconstituted animal could be serially transplanted and were able to reconstitute another irradiated mouse, demonstrating that the putative stem cells had the capacity to self-renew. All other organ stem cell models need to be interpreted in the light of this gold standard system which has been thoroughly investigated and characterized in animals and humans over the last fifty years.
Stem cell biologists have endeavoured to find subpopulations of cells within the heart and brain that mirror the findings in the hematopoietic system. Specifically, they have tried to identify cells with the capacity to form colonies (e.g. neurospheres), have surface markers known to be expressed on hematopoietic stem cells (e.g. CD34), exhibit functional characteristics of stem cells (e.g. 'side populations' that efflux the Hoechst 33342 dye) and have the ability to differentiate into specific tissue types within an organ. The field of cardiac and neural stem research is at an early stage compared with hematopoietic stem cell biology, but rapid progress has been made in the last decade to elucidate and characterize stem and progenitor cells in the heart and brain.
Evidence for Stem Cells in the Heart
The traditional view of the heart has been that of a post-mitotic organ given its limited ability to regenerate after injury [9] [10] [11] . However, recent studies suggest that the heart has cardiac stem cells with the ability to self-renew and differentiate; the evidence to support this hypothesis and its translational implications has recently been reviewed in depth [12] .
One of the earliest reports of cardiac stem cells identified a side population of cells which effluxed the dye Hoechst 33342 [13] using a method that previously identified bone marrow stem cells [14] . The authors showed that approximately 1% of cardiomyocytes are contained within the side population and have self-renewal and differentiation capacity. This work was extended by Martin et al. [15] in 2004 who found that the side popu-lation in murine cardiomyocytes expressed Abcg2, a transporter molecule known to efflux the Hoechst dye. These cells were capable of proliferation and subsequent expression of alpha-actinin, indicating the ability to differentiate .
Another approach in identifying stem cells is to detect their ability to form self-adherent colonies termed 'spheres'. This approach was used by Messina et al. [16] to isolate undifferentiated cardiac cells that grow as self-adherent clusters termed 'cardiospheres' (CS) from postnatal atrial or ventricular human specimens and from murine heart tissue. The CS cells were clonally derived and under certain culture conditions would exhibit synchronous beating. Further, the CS cells expressed the cell markers, CD34, C-Kit and Sca-1, reminiscent of markers defining hematopoietic stem cells. After transplantation of CS cells into the hearts of immunodeficient mice with induced myocardial infarction, CS cells were able to integrate into the myocardium and differentiate. This was also the first demonstration that myocardium from human biopsy specimens could have stem cells extracted and amplified manyfold in vitro, an important finding for the translation of cardiac stem cell therapies.
Using known stem cell markers from the hematopoietic system, attempts were made to isolate candidate stem cell populations from the heart with cell sorting techniques followed by in vitro and in vivo culture techniques. The murine stem cell marker Sca-1+ was detected on 0.3% of cardiomyocytes from adult mice and these cells could be differentiated into beating cardiomyocytes in vitro by treating them with oxytocin [17] . This study was the first to show that adult cardiac stem cells proliferate and differentiate into various types of cells, including beating cardiomyocytes in vitro.
Studies of murine fetal development have also contributed to the understanding of cardiac stem cells. Two recent studies have characterized fetal murine epicardial progenitor cells that express WT1 [18] or Tbx18 [19] which can differentiate to the cardiomyocyte lineage. As developmental hierarchies within cardiomyocyte development are identified and characterized it will allow for both a better understanding of the biology of cardiac development and also potentially lead to the identification of populations of cells in the adult heart that might be of importance in cardiac regeneration.
These and other results provide some evidence for primitive cardiac cells in the adult capable of differentiation into functional cardiomyocytes. However, none of the studies employed the gold standard for self-renewal capacity by demonstrating that the putative cardiac stem cell could reconstitute tissue and then be serially transplanted into another animal leading to further reconstitution of cardiac tissue. It must be acknowledged that this standard is much more difficult to achieve in the study of solid organ stem cells compared with studies of bone marrow. However, it is possible using green fluorescent protein (GFP) transgenic animals to perform such experiments and these studies will be required for definitive confirmation of stem cell self-renewal.
Evidence for Stem Cells in the Brain
The first report of a potential neural stem cell was in 1992 when Reynolds et al. [20] isolated a rare population (0.1%) from adult murine striatum that could proliferate and generate multipotent clones of cells termed neurospheres and differentiate into neurons, astrocytes and oligodendrocytes in vitro. These candidate neural stem cells expressed the protein nestin. This report established the ability of a candidate neural stem cell to differentiate and thus meet part of the criteria to be classified as a stem cell. It was not until 1996 that the second criterion for stem cells, self-renewal, was established. Among cells from adult mouse striatum, only 1% had the capacity to form neurospheres and lacked markers of differentiation [21] . Cells from a given neurosphere were then separated and recultured, leading to development of several neurospheres indicating proliferation of the stem cell fraction. This process could be repeated generating tertiary neurospheres with identical properties to the original neurospheres. Further assessment of the neurosphere-derived cells showed MAP-2-, GFAP-, and 04-IR-positive cells, indicating differentiation. Despite the ability to isolate clonogenic neurosphere cells, the neural stem cell could not be identified based on cell surface markers.
Using fluorescent activated cell sorting (FACS) to sort single cells, CD133-positive neural cells were subsequently shown to enrich the neurosphere-forming cells to 5-10%, while the CD133-fraction could not form neurospheres [22] . The CD133+ cells could self-renew, increased their numbers 1,000-fold over five passages and also produced differentiated neural cells. The CD133+ cells also engrafted, proliferated and differentiated when implanted into the brains of NOD/SCID mice and were detected one year later, while the CD133-cells could not engraft. These data suggest that neural stem cells can be isolated from specific brain tissues. Again, the only technical standard of 'stemness' not accomplished in this system was serial transplantation of engrafted neural stem cells into subsequent NOD/SCID mice leading to further longterm engraftment of neural stem cells.
Hematopoietic Stem Cell Transplantationthe Translational Research Model
The cell surface markers to identify and isolate hematopoietic stem cells became specific enough to pave the way for the development of both allogeneic and autologous bone marrow transplantation in the treatment of cancer and a wide variety of benign hematologic and metabolic diseases. Specifically, autologous harvest using cryopreservation followed by reinfusion of a patient's own hematopoietic cells after high-dose chemotherapy has become standard therapy for numerous cancers, including lymphoma and multiple myeloma with limited applications for leukemia. Allogeneic transplantation using HLAmatched related and unrelated donors has provided cures for patients with acute myeloid leukemia, chronic myeloid leukemia and aplastic anemia. The application of autologous hematopoietic cell transplantation to cancer focused on the ability to intensify chemotherapy beyond the doselimiting toxicity which was typically bone marrow suppression leading to life threatening anemia, thrombocytopenia and infection. In the case of allogeneic transplantation, in addition to dose-intensification, there was the added benefit of immune cells in the graft (T cells and NK cells) to mediate a graft-versus-leukemia effect, further enhancing therapeutic efficacy. Only in the treatment of aplastic anemia is the replenishing capacity of hematopoietic stem cells the primary therapeutic application of the transplant. Given that potential stem cell populations have been demonstrated in the brain and heart, the treatment of numerous diseases with tissue-specific stem cells capable of reconstituting an injured or degenerated tissue becomes a conceivable possibility. However, as discussed previously, the biology of solid organ stem cells still lags behind the understanding of hematopoietic stem cells that allowed for the development of clinically applicable hematopoietic stem and progenitor cell transplantation. Therefore, the use of endogenous tissue stem cells from a patient's own heart that could be stimulated or expanded and used for therapy is beyond current phase I studies. The same limitation exists for the application of neural stem cells for therapy. Therefore, a variety of alternative cell sources have been tested with the intent that the cellular agent functions as a stem cell, progenitor, or differentiated cell to correct the deficient tissue.
Sources of Cells for Therapeutic Use
Before discussing cell therapies for cardiovascular and neurological diseases, the available cellular agents must be briefly reviewed. Potential therapeutic cellular agents fall into several broad categories: (1) bone marrow-derived cells; (2) endogenous organ-specific stem and progenitor cells; (3) embryonic stem cells; (4) cell lines, and (5) gene-modified somatic cells that function as stem cells. Most clinical studies have used bone marrow-derived cells either directly harvested or effluxed from the bone marrow space using G-CSF and collected using apheresis techniques. Both of these methods lead to a collection of mixed cell populations consisting of stem cells and a hierarchy of progenitors. The best terminology to refer to cells used in most of these studies are 'hematopoietic stem and progenitor cells' (HSPC) as it includes both stem cells and differentiated progeny that may contribute to clinical efficacy [23] . We reserve the term hematopoietic stem cell (HSC) to refer to highly purified stem cell populations.
Bone marrow cells other than HSPC have been investigated as therapeutic agents for regenerative medicine including mesenchymal stromal cells (MSC) which has been recently reviewed in depth [24] . Minimum criteria for defining MSC have been defined as bone marrow cells that are plastic adherent under standard culture conditions, express CD105, CD73 and CD90, but lack expression of CD45, CD34, CD14, CD11b, CD79, CD19 and HLA-DR and are able to differentiate into osteoblasts, adipocytes and chondroblasts in vitro [25] . The 'stemness' of MSCs has been hotly debated and current nomenclature refers to them as mesenchymal stromal cells (MSCs) because the putative MSC stem cell has not been fully characterized. However, a recent report finds that CD271 bright bone marrow cells are highly enriched for MSC stem cell capacity [26] . This opens the door to more sophisticated cell therapeutic interventions using MSC in the future.
Embryonic stem cells (ESC) are the most controversial source of stem cells for regenerative medicine and significant restrictions have been placed on their use in numerous countries for ethical reasons. ESC are derived from the inner mass of the blastocyst [27, 28] . Some embryonic cell lines are approved for experimental use and demonstrate the potential to differentiate into any tissue type in the body given the right environmental cues. Specifically, ESC have been shown to differentiate into cardiomyocyte-like cells with the capacity to 'beat' like functional myocardium. However, implantation of ESC can lead to teratoma formation [29, 30] making them problematic as therapeutic agents. Therefore, some form of differentiation may be required to use these cells therapeutically. In fact, ESC have been partially differentiated in vitro before implantation in the injured heart in animal models [31, 32] .
Striking work done by Takahashi et al. [33, 34] 
Cell lines also have potential for use as cellular agents, but most are permanent malignant lines and, as such, may carry serious risks introducing active malignancy into the recipient. A teratoma cell line, however, has been used in an animal model of stroke which, when transplanted, did not develop into a tumor and led to improved learning in the animals compared with untreated controls [35] . This approach has been extended to patients with stroke using a similar type of teratoma line implanted stereotactically into the brain of patients with stroke [36, 37] .
Clinical Trials of Cell Therapy for Myocardial Infarction
A systematic review of the literature using Medline was done to identify all studies of cell therapies for myocardial infarction using the following strategy: (1) 'myocardial infarction' (explode) as a key word and (2) 'stem cell' (explode) or 'tissue therapy' (explode) or 'cell therapy' as a key word to yield trials of cell therapy. (3) Combine results from 1 and 2 using the 'and' function, (4) limit to 'clinical trial-all' and 'humans'. This yielded 87 articles that were manually reviewed and studies were further excluded if: (1) condition treated was not myocardial infarction (e.g. angina); (2) the article only reported safety data (e.g. true phase I); (3) stem cell mobilization was not done using pharmacologic method (e.g. exercise induced); (4) clinically relevant outcomes were not reported (e.g. tracking stem cell numbers in peripheral blood as primary outcome), and (5) preliminary results were reported in the same clinical trial reported at a later date with more complete data (e.g. TOPCARE-AMI trials published 2002 and 2004). This yielded 37 papers which upon critical review yielded 23 studies that used randomization between control and treatment groups and were included for further evaluation. Six additional randomized trials that met criteria were identified in reviews or references of other clinical trials yielding a total of 29 studies of interest. Only one randomized study of surgical approaches was found and several non-randomized surgical studies using cellular agents were identified and included for a brief discussion regarding the use of direct intramyocardial injection as a mode of cellular delivery.
The majority of clinical trials testing cell therapy for myocardial infarction involved autologous bone marrow-derived HSPC either derived directly from bone marrow or from the peripheral blood following G-CSF mobilization. G-CSF was identified more than 20 years ago [38] and facilitates efflux of stem cells from the bone marrow into the peripheral circulation by activating neutrophil elastases, which then cleaves membrane-bound SDF-1 on stromal cells in the bone marrow disrupting the interaction between SDF-1 and the CXCR-4 receptor on the HSC [39, 40, 41] . HSC are either mobilized and allowed to traffic to the site of MI by normal circulatory methods after percutaneous coronary intervention (PCI) such as balloon angioplasty or stenting, while others involved collection of hematopoietic cells and direct infusion into the coronary circulation using PCI.
Trials of G-CSF alone were attempted given that this was a well-established therapeutic agent used in bone marrow transplantation to mobilize stem/progenitor cells for peripheral harvest by apheresis. The first trial of G-CSF alone for MI randomized twenty patients to receive either 5 g/kg of G-CSF for 4 days or placebo and showed no significant improvement in cardiac function. LVEF and LVEDV improved, but were just shy of statistical significance [42] . Subsequently, a larger randomized trial of G-CSF of 50 patients showed improvements at 30 days and 4 months in wall motion, left ventricular ejection fraction and several other parameters [43] . However, three large double-blind randomized clinical trials termed G-CSF-STEMI, STEMMMI and REVIVAL-2 did not show any benefit for G-CSF [44] [45] [46] . Table 1 summarizes all the randomized trials to date of stem cell mobilization strategies for the treatment of MI and shows that the majority of large clinical trials did not show improvement in clinical parameters.
Other investigators looked at directly infusing the cells into the coronary circulation using PCI to improve delivery to the site of injury. Numerous early studies in 2004 showed preliminary evidence of efficacy of direct infusion of stem cells into the coronary blood supply as measured by improved LVEF [47] [48] [49] . One study used MSCs expanded ex vivo followed by reinfusion into the coronary circulation and also showed significant improvement in LVEF [50] . The MAGIC Cell 1 trial of G-CSF versus intracoronary (IC) infusion of peripherally harvested G-CSF mobilized HSPC showed that only the IC infusion group showed improved LVEF at 6 months and a maintained benefit at two years [51] . Further, on aggregate, most studies showed that localized administration of harvested HSPC using PCI is more effective than mobilizing with cytokines and relied on the conventional circulation system to carry the cells to the site of infarction ( tables 1 , 2 ). Only the REPAIR-AMI study reported on more clinically relevant outcomes. Specifically, they demonstrated that the combined endpoints of death, recurrence of MI and rehospitalization for heart failure was reduced in the group treated with IC infusion of bone marrow-derived HSPC [52] . The first systematic review and meta-analysis of HSPC for cardiac repair identified eighteen eligible studies on acute MI and ischemic cardiomyopathy, twelve of which were randomized, and concluded that LVEF improved by 3.66% (p ! 0.001) in patients receiving cell therapy [53] . Further, a recently published systematic review and meta-analysis of thirteen randomized trials of HSPC for acute MI determined that overall cell therapy improved LVEF by 2.99% in the treatment patients relative to controls (p = 0.0007) [54] .
Surgeons also have looked at direct injection of cells into injured myocardium. A phase I study of intracardiac injection of skeletal myoblasts into patients with previous MI reported improvements in LVEF and other parameters [55] . However, a follow-up randomized, multicenter study, placebo-controlled, double-blind study of autologous skeletal myoblasts involving 120 patients (90 treated) did not demonstrate any benefit [56] . Intracardiac injection of CD133+ enriched bone marrow-derived HSPC in patients with MI being treated with coronary artery bypass grafting (CABG) led to improvements in LVEF in 4/5 patients and infarct tissue perfusion improved in 5/5 at 3-9 months [57] . One study looked at patients with an old MI and following reperfusion surgery injected of G-CSF mobilized CD34+ enriched HSPC directly into the myocardium. Improvements in LFEV were noted at 28 and 52 weeks [58] . The MAGNUM study enrolled 15 patients to receive direct injection of peripherally harvested autologous mononuclear bone marrow cells into the scar in addition to application of a 3D collagen type I matrix [59] . In a follow-up study by the same group in 20 consecutive patients with left ventricular postischemic myocardial scars 10 were treated with autologous mononuclear bone marrow cells with and without collagen matrix support and both groups improved from baseline LVEF, but there was no difference between groups [60] . They reported that the New York Heart Association Functional Class improved from 2.3 to 1.4 (p = 0.005) relative to baseline in these patients.
Clinical Trials of Cell Therapy for Stroke
A systematic review of the literature using Medline was done to identify all studies of cell therapies for stroke by the following search strategy: (1) 'stroke' (explode) as key word and (2) 'stem cell' (explode) or 'tissue therapy' (explode) or 'cell therapy' as a key word to yield trials of cell therapy. (3) Combine results from 1 and 2 using the 'and' function, (4) limit to 'clinical trial all' and 'human'. This yielded 42 articles which following manual review yielded only 4 studies of relevance. One further study was found from the reference section of a recent review yielding five studies.
The first clinical trials of cell transplantation for neurologic disease were with autologous adrenal medullary grafts into the striatum in Parkinson's patients [61] . Subsequently, fetal mesencephalic dopamine-producing cells were transplanted into the caudate and putamen of a patient with late stage Parkinson's disease [62] . Numerous larger trials have since been done using this approach. Of note, Freed et al. [63] performed a randomized trial with a sham surgery control group demonstrating significant improvement in patients under 60 and evidence of engraftment of fetal tissue using PET scan or postmortem examination. However, this methodology has led to significant problems with dystonia and dyskinesias in this and other studies as reviewed by Hagell et al. [64] . Despite the problems encountered, the methods developed for stereotactic cellular treatments of Parkinson's disease have been applied to other neurologic diseases, including stroke. However, the focus has been on alternatives to fetal neural tissue for cell therapy.
The teratoma cell line NT2/D1, able to be differentiated into neurons by the addition of 10 M retinoic acid (termed LBS-Neurons developed by Layton BioScience), has remarkably entered clinical trials. In a phase I study these neurons were stereotactically transplanted into the basal ganglia of 12 patients with basal ganglia stroke and fixed motor deficits [36] . No toxicities or tumor formation were seen with this approach and there was a statistically significant improvement in patients as assessed by the European Stroke Scale (ESS).
Subsequently, Kondziolka et al. [37] proceeded with a phase II randomized study of LBS neurons for patients with subcortical motor stroke. In this study 18 patients with fixed motor deficits stable for at least 2 months were randomized at two different centers to receive two different doses of LBS neurons (7 patients per dose level) with non-surgical controls (4 patients). Although there was no overall improvement at 6 months in the treatment groups on the ESS, the Action Research Arm Test gross hand movement scores improved compared with the control group (p = 0.017) and baseline (p = 0.01). Further, the Stroke Impact Scale improved relative to baseline (p = 0.045) as well as the Everyday Memory Test score (p = 0.004). There were no surgical complications in the 14 patients who underwent cell transplantation. Several statistically significant improvements were observed for gross hand movement scores from baseline and compared with controls.
In a recent review, Kondziolka et al. [65] discuss their current surgical approach to stroke and new cellular agents that have potential for better efficacy in treating stroke . ReNeuron Group has developed a cell line CTX0E03 from fetal neural stem cells for the treatment of stable ischemic stroke with application to the FDA for phase I trials. These cells require a growth factor to continue proliferation, but when withdrawn differentiate into neurons. SanBio Inc. has developed SanBio 623 cells by transient transfection of bone marrow stromal cells with a plasmid encoding human Notch intracellular domain (NICD) protein. The gene-modified cells do not differentiate into adipose or bone tissue [65] , and culturing with appropriate trophic factors causes differentiation into neural tissue [66] .
An alternative approach using fetal neural stem cells mixed with fetal liver cells primarily of hematopoietic origin in a 10: 1 ratio delivered by lumbar puncture was developed by Rabinovich et al. [67] . Ten patients with old hemorrhagic or ischemic stroke with fixed stable deficits were treated with stem cells and compared to 11 comparably affected controls selected retrospectively. Positive changes were reported in all patients receiving cellular therapy as measured by quality of life indicators, but formal statistical analysis was not done.
A trial of G-CSF in 36 patients to mobilize stem cells has demonstrated, similar to the trials in cardiac patients, that in stroke patients G-CSF can be used to mobilize CD34+ cells approximately 15 fold from baseline levels into the peripheral circulation [68] . No adverse events were noted. Clinical outcomes were not measured in this study. In a small blinded randomized controlled trial of patients with middle cerebral artery stroke seven patients were treated with G-CSF with three controls. At 12-month follow-up, the G-CSF group showed statistically significant improvements in four different stroke assessment scales. Given the small patient numbers a larger scale clinical trial is warranted. Recently, published studies in murine models of stroke (middle cerebral artery occlusion) showed that G-CSF treated rats had smaller infarcts, better functional outcomes [69] , increased angiogenesis [70] and the presence of bone marrow-derived endothelial cells in new blood vessels that had formed in the infarct territory [71] . These animal studies provide interesting mechanistic possibilities for this type of therapeutic approach in humans.
There has been one randomized study of culture-expanded autologous mesenchymal stromal cells of 30 patients with cerebral infarcts within the middle cerebral arterial territory and with severe neurological deficits [72] . Only five patients received 100 ! 10 6 culture-expanded MSCs IV while 25 other patients served as controls. Outcomes improved in MSC-treated patients compared with the control patients as measured by the Barthel Index and Rankin Score at 3 and 6 months, but differences were not statistically significant at 12 months. No significant toxicities were identified. This small study provides promising evidence for the use of MSC in stroke, which needs to be verified in a larger trial. Whether MSC could be more effective if stereotactically implanted into the region of stroke is a question that has not been addressed. These studies represent the first therapeutic trials involving cell therapy for stroke and are encouraging, given the measurable improvements in some cases.
Summary and Conclusion
Hematopoietic stem and progenitor cell therapies have been shown to improve cardiac hemodynamic function such as left ventricular ejection fraction when administered via the coronary artery. Only one study addressed clinically relevant outcomes such as survival and recurrence of MI or rehospitalization. Emerging studies of MSC delivered intravenously and cell line therapies using stereotactic implantation for stroke also show particular promise. Further biological studies and large-scale clinical studies are warranted to determine the mechanism by which these therapies work and to confirm efficacy. 
